The quantum theory of the spherically symmetric gravity in 3+1 dimensions is investigated. The functional measures are explicitly evaluated and the physical state conditions are derived by using the technique developed in two dimensional quantum gravity. Then the new features which are not seen in ADM formalism come out. If κ s > 0, where κ s = (N − 27)/12π and N is the number of matter fields, a singularity appears, while for κ s < 0 the singularity disappears. The quantum dynamics of black hole seems to be changed by the sign of κ s .
Introduction
Since the original work of Hawking, [1] many authors study the quantum dynamics of black holes. Almost all of works are done within the semi-classical approximation. [2, 3, 4, 5] In this talk we discuss how the quantum gravity will influence the dynamics of black holes. [6, 7] As a model of gravity we consider the spherically symmetric gravity in 3+1 dimensions.
As a quantization method of gravitation, Arnowitt-Deser-Misner (ADM) formalism is well-known. This method, however, has some serious problems, which are the issues of measures and orderings. Here we explicitly evaluate the contributions from measures. Following the procedure developed in two dimensional quantum gravity we determine the measures in conformal gauge. From the gauge fixed theory the physical state conditions are derived. Then the new features which are not seen in ADM formalism appear.
The spherically symmetric gravity in 3+1 dimensions is defined by reducing the Einstein-Hilbert action to two dimensional one as
The fields g αβ and ϕ are defined through the four dimensional metric (ds (4) ) 2 = g αβ dx α dx β + Gϕ 2 dΩ 2 , where α, β = 0, 1 and dΩ 2 is the volume element of a unit 2-sphere. G is the gravitational constant. In the following we set G = 1. We couple N two dimensinal conformal matter fields
Some classical solutions of this system are known. For f = 0 the Schwarzshild geometry is well-known. The gravitatinal collapse geometry is given by [8] 
where ds 2 = g αβ dx α dx β and the coordinate (ū,v) is defined through the relations, 
Quantization of Spherically Symmetric Gravity
Let us define the quantum theory of the spherically symmetric gravity. The partition function is expressed in terms of the path integral over the two dimensional metric g αβ , the scale field ϕ and the matter fields f as
where Vol(Diff.) is the gauge volume of diffeomorphism. The functional measures are defined by the following norms
The measures explicitlly depend on the dynamical field g. Therefore we must extract its contributions from the measures. They are evaluated by using the procedure of David-Distler-Kawai (DDK) [9] in conformal gauge g = e 2ρĝ , whereĝ is the background metric. The final expression is given by
where Φ denotes the fields ρ, ϕ, f and the reparametrization ghosts b and c. The gauge-fixed actionÎ iŝ
with
where S L (ρ,ĝ) is the Liouville action defined by
The value of κ s is given by setting ξ = 1/2 in ref. 6 . The functional measure of the Liouville field ρ is defined by the norm onĝ as
and also the measures for ϕ and f is defined by the norms (5) onĝ instead of g.
The background metricĝ is very artificial so that the theory should be independent of how to choose it. Really it is proved that the partition function is invariant under the conformal change of the background metric, or Z(e 2σĝ ) = Z(ĝ), where σ is an arbitrary local function. This means that the theory is considered as a kind of conformal field theory defined onĝ. The Virasoro algebra without central extension should be realized. ⋆ The physical state conditions are derived from the demand that the theory should be independent of how to choose the background metric,
where η αβ = (−1, 1) and the energy-momentum tensor is defined byT αβ = − Since the Liouville field ρ is transformed as ρ ′ (x ′ ) = ρ(x) − γ(x) for the conformal coordinate transformation x ±′ = x ±′ (x ± ), where
⋆ Note that in this case the theory does not reduce to the free-like theory. So it is quite different from the usual conformal field theory.
|x| 2 = x + x − and x ± = x 0 ± x 1 , the energy-momentum tensorT αβ is transformed
where
t ± is determined by the boundary condition that the coordinate system which is joined to the Minkowski space time (asymptotically) is considered as the coordinate system with t ± = 0.
Black hole dynamics
To derive the black hole dynamics we must solve the physical state conditions (11) . But it is a very difficult problem so that we take an approximation. The original actions (1) and (2) 
♯ More explicitly,T αβ is transformed aŝ
with c tot = 1 − 12πκ s + c ϕ + N − 26 = 0. Note that ifT ′ ±± (x ′ ) satisfies the usual form of the Virasoro algebra with central charge c tot = 0, then in x coordinate the combination T ±± (x) + κ s t ± (x), notT ±± (x) itself, just satisfies the same form of the Virasoro algebra. The importance of t ± in quantum gravity is stressed in ref. 10. The (apparent) horizon, which is defined by the equation ∂vϕ = 0, [11] locates at
If κ s > 0, the location of the horizon initially shifts to the outside of the classical 
where Ψ is a physical state and
These correspond to the Hamiltonian and the momentum constraints. The conju-gate momentums for ρ, ϕ and f j are defined by
The notable point is the factor (ϕ 2 − κ s ) −1 in front of the kinetic term of the Hamiltonian constraint, which does not appear in ADM formalism. [11] The region ϕ 2 > κ s is classically allowed, whereas the Liouville region κ s > ϕ 2 > 0 is the classically forbidden region where the sign of the kinetic term changes. There may be some possibility of gravitational tunnelings through this region.
The problem of the information loss seems to come out in the case of κ s > 0.
Then the black hole evaporates and the information seems to be lost. However in this case the Liouville region extends behind the singularity. So it appears that there is a possibility that the informations run away through this region by gravitational tunneling. On the other hand, if κ s ≤ 0, the Liouville region disappears. But the black hole seems to be stable. In this case it appears that the problem of the information loss does not exist.
Discussions
The quantum model of spherically symmetric gravity discussed in this talk has some problems. Here we adopt the conformal matter described by the action (2). Strictly speaking, however, we should consider the action such as I M = − 1 2 d 2 x √ −gϕ 2 g αβ ∂ α f ∂ β f , which is derived by reducing the four dimensional action to the two dimensional one. Ignoring ϕ 2 -factor corresponds to ignoring the potential which appears when we rewrite the d'Alembertian in terms of the spherical coordinate. The black hole dynamics is determined by the behavior near the horizon so that it seems that this simplification does not change the nature of dynamics.
The other problem is in the definitions of measures. As the actions are derived from the four dimensional ones, the two dimensional measures also should be
